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1. Fluorescence background of the gold director

Figure S1a shows the surface roughness of a 10 nm gold film (Platypustech, AU.0100.CSS Square
Coverslips) captured by an environmental scanning electron microscope (ESEM). The emission
intensity and the spectra of the light collected from the gold-coated glass coverslip as a function
of laser power are presented in Fig. S1b and c, respectively. The gold film autofluorescence
originates from an electronic interband transition between the s — p conduction band and the d
bands [1]. In thin films the surface roughness can cause additional resonances due to localized
surface plasmon modes [2]. In our experiments, the gold director generates around 2-3 times
higher background autofluorescence than the signal detected from the glass coverslip.
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Fig. S1. Characterization of the gold director. (a) Environmental scanning electron
microscope (ESEM) image of a 10 nm gold film (director) formed on a glass coverslip.
(b) Detected power by a single-photon avalanche detector (SPAD) for low excitation
powers (range used in the experiments). (c) Fluorescence spectrum of the gold director
as a function of the excitation power using a long-pass filter (cutoff at 650 nm).



2. Bleaching time of ATTO-647N in T50 buffer

ATTO-647N (ATTO-TEC GmbH) dyes are subject to bleaching and, for a large ensemble of
emitters, the intensity curve decays exponentially as presented in Fig. S2a (52 s for an ensemble
of emitters). However, for samples with lower concentrations, the number of molecules in the
focal area is small. In this case, bleaching and blinking of individual molecules significantly
change the fluorescence signal and play an essential role in single-molecule detection. The
results are shown for ATTO-647N labeled dsSDNA molecules immobilized on coverslip [3,4] flow
channels from buffered solutions with concentrations of 1 nM, 100 pM, and 10 pM in Fig. S2b-d,
respectively. We use 2 uW laser power in this set of measurements, except for samples prepared
at a concentration of 100 pM (Fig. S2c), in which the excitation power is 6.6 uW. In this way, we
demonstrate that the emitters do not bleach immediately, even at higher excitation powers.

In Fig. S2b-d, the emission intensity changes in a step-wise manner as molecules blink and
bleach randomly. The step sizes and the initial intensity can be used to estimate the number of
molecules in the focal spot. Therefore, we conclude that at low concentrations, the bright spots
typically contain less than ten emitters. Likewise, we expect a similar behaviour for ATTO-647N
labeled dsDNA molecules immobilized on the gold director in the antenna configuration.
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Fig. S2. ATTO-647N bleaching and blinking in TS0 buffer. (a) Bleaching of
ATTO-647N labeled dsDNA immobilized on a coverslip from a 10 nM solution. The
experimental data fitted with a first-order exponential function (red curve) to find the
bleaching time, which is approximately 52 s. (b-d) Step-wise bleaching and blinking of
ATTO-647N labeled dsDNA from buffers with different concentrations immobilized
on a coverslip: (b) 1 nM and 2 uW excitation power, (c) 100 pM and 6.6 uW excitation
power, and (d) 10 pM and 2 W excitation power.

3. Signal deconvolution and decay rates fitting

As an example, the fluorescence decay of ATTO-647N molecules at the first maximum and
minimum fluorescence intensity in Fig. 2b of the manuscript (circle and triangle positions) are
shown in Fig. S3. The deconvolution process and fitting method is explained in the supporting
information of Ref. [5]. At the circle position (Fig. S3a), due to higher signal counts, the decay
fitting exhibits a lower error as compared to the triangle position (Fig. S3b).
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Fig. S3. Fluorescence decay of ATTO-647N labeled dsDNA molecules in the
planar antenna. (a) Fluorescence decay at the first maximum of the fluorescence
intensity shown in Fig. 2b (circle). SiO;-reflector distance 137 nm, decay rate I" = 0.29
ns~!, fluorescence intensity Pg,, = 6767 counts and background intensity (scattering of
excitation light) Py = 1050 counts. (b) Decay at the first minimum of the fluorescence
intensity shown in Fig. 2b (triangle). SiO,-reflector distance 256 nm, decay rate
I = 0.32 ns~!, fluorescence intensity Pgyo = 1277 counts and background intensity
Pypg =394 counts.
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